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Abstract

Providing sufficient energy, food and water for the world’s growing population while at the same
time preserving the fragile biosphere are the defining challenges of the 21st century. Such a
challenge and the connection and interplay between energy, national and global security is
evidenced today by the ongoing tension between the Iran and much of the world due to the its
nuclear program, the resulting threat of increasing embargos and the possible interdiction of oil
thru the Strait of Hormuz. While the DOD consumes only about 1% of the total US energy use,
the Agency is the major “off-take customer for transportation fuel for the US Government (97%)
and must heat/cool and provide electrical service to over 300,000 buildings. For bases and
military actions outside the United States, logistics associated with delivering fuel is also a major
concern. Motivated by both its strategic mission and the practical need for a reliable, domestic
source of fuel, the DOD has initiated numerous programs for developing renewable fuels and
reducing both its energy intensity and carbon footprint. For example, the stated DOD goal is to
have 25% of its energy use supplied by renewable fuels by 2025. The presentation will highlight
some recent examples of ongoing programs such as producing jet fuel from cellulosic feedstock
and exploring the utility of modular nuclear reactors for forward and remote operating bases.
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U.S. Energy Statistics and
Challenges

General U.S. Statistics U.S. Energy Challenges
* 4.5% of the world’s population * Consumption of 5.25 billion
e 21% of the world’s energy barrels of oil, 2009
consumption e 3.31 billion barrels imported, 63%
* 71% domestically supplied  U.S. domestic oil production
* Petroleum supplies 35% of U.S. — Peaking in 1972 at 18.6 barrels/day

per well

energy consumption
— 10.9 barrels/day per well in 2000

e 72%is used in the transportation

e An alternative domestic source
sector

and/or technology for producing
liquid transportation fuels would
increase U.S. energy security

* Transportation accounts for 27%
of U.S. energy demand

Over the next century there will be a significant

transformation of how energy is produced and used but.....

S



We will still energize planes with
Hydrocarbon fuel

Jet fuel: Airlines use ~16 Bgal of fuel/yr (US is ~35%)



National Security has enabled the  L0G0S
development of new Energy Technologies

104 Reactors in US
produce ~20% of
electricity and most C
neutral
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A strategic thrust of the DOD: 25%  Log6s
Renewable Energy by 2025 (~1Bgal/yr
Jet); the Navy Is even more aggressive

Increase Alternative Energy Use By 2020, 50% of total DON energy consumption will

_ come from alternative sources
DON-Wide

By 2020, at least 50% of shore-based energy
Increase Alternative Energy Ashore requirements will come from alternative sources; 50%
of DON installations will be net-zero

By 2015, DON will reduce petroleum use in the

Reduce Non-Tactical Petroleum Use commercial fleet by 50%

DON will demonstrate a Green Strike Group in local

Sail the "Great Green Fleet operations by 2012 and sail it by 2016

EN
Maritime
40%
Aviation fuel




DARPA has established and funded a Biomass to Jet (JP-8) LOGOS
Program in response to DOD renewable Energy Thrust

@ Background and Motivation 5'4@

Department of Defense (DoD) Fuel Use . "E““'ﬂﬁ”‘;:“?;:; Gas,
The DoD consumes 97% of the government’s T Y
total liquid transportation fuels — 58% is jet fuel ’;ﬁf—“
In FY09, DoD used: \
~2.48 gallons of 1p-8

~570M gallons of JP-5

Jet aircraft reguire energy-dense hydrocarbon
fuel, such as JP-B8

JP-8 is the single fuel for the battlefield

. Source: Defense Enengy Support Center FYDD Facihook
Commercial Fuel Use

Total commercial use: 178 gallons Jet-A DoD Fuel Costs vs Crude 0il Price ($/gal)
Cost per gallon of Jet-A: $2.10

$3.50

Com:ept DARPA BioFuels Programs $3.00 f’ —rs
Crop Oils to JP-8: February 2007 — July 2008 E{;’:
Broad-based Feedstocks: November 2007 — $1.50 -m =5
Current £1.00
Cellulosic Materials and Algal Qils to JP-8: $0.50
December 2008 — Current $0.00 *"‘Eh“

LELLLLELS =

Dependence on unstable and limited foreign petroleum can be greatly reduced by developing

multiple, secure, and sustainable pathways to JP-8

.

Approved for Public Release, Distribution Unlimited

[l
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The Challenge of Biofuels:
“densification” at scale and cost competitive

~10-20 dry tons/acre-yr

Cost <$3/gal @
< 50 Mgallyr



Converting Biomass Into Jet Fuel is difficult.

CH

Biomass

RT: 0.00 - 40.02
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The DARPA Biolet program is focused on the
technical /economic challenges of cellulosic feedstoc
conversion to jet fuel

The Challenge DARPA BiolJet Goals

Economic viability S3/gal jet fuel cost target — supported by
laboratory data of 100 L of JP-8 (Phase 1) and
6000 L (Phase 2)

Lo

Technologies

Efficient conversion of cellulosic material Laboratory demonstration of conversion
into useable fuel efficiency > 30% (Phase 1) and 50% (Phase 2)
Low energy density and transportation of Integrated process/cost model (supported by
“raw” or “preprocessed” feedstock laboratory data) that includes optimized

transportation of feedstock and plant sizing

Water, land use, GHG emissions, other Site specific cost model addresses all issues
environmental constraints utilizing the latest environmental modeling

And produce Fuel!

2009 2010 2011 2012
2nd Qtr | 3rd Qtr 4th Qtr | 1st Qtr 2nd Qtr | 3rd Qtr | 4th Qtr | 1st Qtr | 2nd Qtr  3rd Qtr | 4th Qtr 3rd Qtr
Fuel
Delivered: 2L 2L 2L 2L 100L -- 10L 10L 10L 10L 6000L



Logos’ BioJet Program: JP-8 Fuel Production Lo
from Cellulosic Biomass Feedstock

Technolegies

P ot

Sustainable Cellulosic Biomass is available_ as an alternative
feedstock for transportation fuel

=Enough feedstock for over 1 BILLION Barrels is potentially available
today with:

= Minimal impact on food production

= Minimal impact on water consumption

= Minimal impact on land use

= Attractive economics
=BioJet Program has been successful in addressing many of the
technical risks including producing >100 L of jet fuel and demonstrating
attractive scalable economic performance
=Multiple feedstock with regional variability and a variety of productivities
per acre can be utilized:

= Biodegradable MSW pfn:_":&';ﬁ"ﬁn

= Ag waste Municipal solid residues,

= Sustainable wood Animal manures, 105 waste, 145 million barrels

= Energy Crops million barrels 83 million barrels Harvested fushwood,

-\ 52 million barrals
2011 BTS Update et robs Urbanood
rasidueas,
cane, ste),
87 milllon barrals 47 million barrels

Logging residues,
54 million barrels

Traatment to reduce
five hazards,
60 million barrels

County Level Biomass
Dry tans per square mile annually

. 0 - 5500

Present Annual Sustainable Biomass.in the U.S.

12




The BioJet Program explored Multiple Paths with
many partners to Producing Jet Fuel

Upgrading

—_=

Oligomerization

»%

Hydrotreatment/
Isomerization (

Liquefaction

Initial Processing steps for polysaccharides

Initial Processing steps for polysaccharides and/or lignin

Processing steps that produce jet fuel components

Aqueous Catalysis (

—

Biological Chemical Thermal Products
Natural Mixed Alco Mixed
44— Fermentation ( ——pp{ Conversion > Alcohols
Fatty Acid > TAG
Fermentation
< ¢
Saccharification
i > Sugar
Supercritical Fluid
Bio-oil

(
Agueous Phase
Pyrolysis

Fast Pyrolysis

T
v

Catalytic Upgrading

While many processes showed promise at bench scale,

the requirement to produce JP-8 drove down selection

Technolegies




IBET : A life cycle cost analysis tool tailored
for analysis of biofuels

Goal: Analyze biofuel pathways stepwise
to optimize overall economic performance

= Features all functionality required to perform 1‘Tmﬂ-1:|nrtﬂllun

an end-to-end techno economic analysis with regional specificit

1/27/2012

Summary view of overall system economic perform.
CAPEX calculations including cost of money, conting
equipment, land footprint, installation, startup, site
development, working capital and depreciation cosi
OPEX calculations including revenues and direct var
direct overhead, and general and administrative cos
Ability to analyze multiple biofuel conversion pathw
GHG reductions

Built in plotting and comparison analysis tools

Financial reports including income statement, balan =
sheet and cash flow statement

Biorelinary

Internal rate of return (IRR) and net present value (!
calculations

Step wise implementation of process mass and energy
balance relationships

Scaling of processes based on exponential rule of
economies of scale

Ability to inject ramp assumptions (nth plant analysis)

Logos Technologies — Proprietary
Information

Lo

Technolegies

Biofuels
Life Cycle

! ‘ | Distribution

| Progessing & Conversion

14



Challenge: Biofuel Refineries @ smallest scale possible for LOGOS

commercial viability

MAOP-100% Food Waste  Plant Capacity vs. Cost of Production
510.00
59.00 -
_ 5800
5
= $7.00 -
S
2 5600 |
S
T 55.00
% 54.00 \ ;1 00/(; ~4000
g 400 - ons/da
s y tons/day
: $3.00 l l
52.00 -
51.00
50,00 -
] 20 a0 G0 a0 100 120 140 160
Plant Capacity [MGPY)

Feedstock Logistics will determine the Biorefinery scale

1/27/2012 15
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LOGOS
Two pathways produced fuel with promising

economics at scale (>40 Million liters/yr) and were selected
for scale-up

Mixed Alcohol
(MAOP) (Terrrabon) Mixed Ketones Alcohols

Agricultural waste, organic
ici acids
Municipal waste, -
Other

Lipid Fermentation
(LFP)

C5 and C6 Lipid-rich
sugars biomass

Cellulosic Saccharificati i
—% accharitication —ﬁ Fermentation ﬁ Lipid Extraction —% hldectreatine % Fuel

biomass or hydrolysis and distillation

Co-product
Protein-rich
raffinate

Lipids

1/27/2012 17



LoGOS
Mixed Alcohol Oligomerzation Process

MSW Gases
Biomass Ash Feedstock Flexible Process
Agricultural ‘I[ =Simple Process
Waste = ow CAPEX
Pretreatment(® Heat i} i . i
Sorted Waste and “Naturalu ﬂ SpeC| |Cat|0n Qua |ty JP'8
) E(;zoel r — Mixed v
- ; rogen
" Cardboard Fermentation ydrog
Green waste ﬂ
Crop residue Organic Acids

. ) Oligomerization
Overall Chemical Reaction Hydrogenation

Alcohols Distillation &
Low Water use (~gaIH20/gaIfue|) dependent on feedstock ﬂ
Fuel is Product Fuel
Economics Not dependent on any co-products Gasoline
Jet
(1) Pretreatment required for feedstock other than Biodegradable MSW Diesel

Developed by TAMU! TERRABGON



Mixed Alcohol Oligomerization Process (MAOP) o
Multiple Samples Meeting JP-8 Specification

Technologies

Mixed organic Alcohols

Ketones

Agricultural waste,

Municipal waste, Fuel
Other
19 21 22 23
MIL-DTL-83133G | Waste Paper | Waste Paper | Food Waste [Waste Paper, JP-8
Sample & Feedstock Specification Chicken Food Waste Food Waste, | Petroleum
Requirement Manure Chicken 4751
JP-8 Produced from MAQOP ; Moo
Over 15 Samples Produced  [Fuel Property | _
. Aromatics, vol% <25 16.7 17 18.2 13.8 18.8
Passed Table 1 PrOpertleS Olefins, vol% <5 0.6 0.6 0.6 0.4 0.8
Aromatics Produced Heat of Combustion, MJ/Kg >42.8 43.1 43.2 43.2 43.3 43.3
Distillation
Next Steps IBP (°C) 156 166 167 168 159
Engl ne OEM Sam pIes 10% Recovered (°C) <205 172 181 186 183 183
. 20% Recovered (°C) 176 185 191 188 189
~300 liters 50% Recovered (°C) 189 200 206 201 208
Full Qualification 90% Recovered (°C) 236 240 241 240 244
~1. 1 MM Ilte rs EP (°C) <300 260 259 259 261 265
Residue, % vol <15 1.4 1.5 1.3 1.4 1.3
Loss, % vol <15 0.6 0.4 0.1 0.3 0.8
Properties
Flash Point (°C) >38 52 56 58 58 51
Freeze Point (°C) <-47 -63 -61 -61 -56 -50
API Gravity @ 60 °F 37.0-51.0 46.6 44.6 43.4 45.3 44.4
Density @ 15 °C 0.775 - 0.840 0.794 0.804 0.809 0.800 0.804

19




Bryan TX Facility will demonstrate MAOP LoGOS
to Jet at scale
of ~ton/day

Technologies

e T ST —

~1 ton/day

6000 liters
(JP-8)

1/27/2012
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The DOD, USDA, DOE have Initiated a potential LoGOS
Title Il opportunity to aid in commercializing Biomass to ® "
Jet

-
e

Georgetown University
March 30%", 2011

“I’m directing the Navy and the Department of Energy and Agriculture to work
with the private sector to create advanced biofuels that can power not just

fighter jets, but also trucks and commercial airliners.” president Obama at Georgetown
University, March 2011

22



Title Il : USG and LoGOS
commercialization

» Established in Defense Authorization Act (1950)

= Provides a set of broad economic authorities, found nowhere else in law,
to incentivize the creation, expansion or preservation of domestic
manufacturing capabilities for technologies, components and materials
needed to meet national defense requirements.

= Stimulate private investment in production resources by reducing the risks
associated with the capitalization and investments required to establish
the needed production capacity.

= Government-wide statutory authority.
o DOD is only federal agency using Title Il authorities.

= Establishes viable industrial capabilities for defense and commercial
markets.

TERRABON



Title 1ll Opportunity would be the Successful LogOs
Culmination of Biojet

Lab Scale Pilot S

| ﬁ

cale (BioJet) Commercial Scale (Titlelll)

Fermentors

Fermentors S '
1t020 L Fermentors 1,000,000 Gallons

20,000 Gallons
Fuel Produced Fuel Produced Fuel Produced
~1L ~ 25 to 1600 Gallons ~25 MM Gallon/yr
CAPEX CAPEX
~$15 MM ~ $150-200 MM
Feedstock Feedstock
~ 1-5 tons/day ~ 1000 tons/day

1/27/2012 24



Commercial MAOP will first exploit MSW as feedstock | o
Reducing risk of commercialization

Potential 25MGal/yr Plant Locations
= Worldwide MSW collection infrastructure

= Locations near urban centers, military bases , i

Technologies

. . . \ washington | 3 Fdaine
alrports, reflnerles S P ; fontana | Narth Dakotall" Minnesota Wt
Dregen [ Jre— LM
. . ] =t 1 Wiscansin.s | vork | Mass:

» Constant feedstock deliveries g | e S Chanigan M e
] T 1 % o . = -t IPennsyluanias Hew lersey
* Neuada — i [EwER Yy ) 1 Ohio® | -'IIEI
. ' ¢ Ninis | indi vt Rlaware

» Green Technology . [t | S T A vigp— e

= Extends life of landfills calforia’ | L R

] " Morth Caroling
% Tennesee o

= Eliminates associated methane generation

d + 7 arizona | | kahoma | praneasl =" ™\ south Carolina
= Upgrade landfill leachate to clean water and [ WewMexico | L
fuel : | ' o | Miss |MEbaME Georgia
- - " | T 3 |I e
= Tipping fees versus feedstock costs ke Lousiana’ N\
L] - OIL a
» U.S. produces over 250 million tons of MSW ; Ny

a year (700K tons per day)

» Biodegradable organic waste comprises 20%
to 30%

» Supply for over 1.3 billion gallons per year

;,' §

TERRABON




